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This dissertation presents multi-port message-combine collective communications
to fully exploit the large number of links in Kautz networks. Our main idea is the design
of “"multi-port" operations, that utilize all outgoing links of a source node in collective
communication. We evaluate the multi-port message-combine collective communication
using version 3.28 of the SimGrid framework. In the simulation, the startup latency for
each communication and link bandwidth are set to 1 us and 100 Gbps, respectively.
Then, we measure the execution time for various messages sizes. SimGrid evaluation
results illustrate that the proposed algorithm achieves substantial performance gains

over an existing competitor, being up to 11x faster in alltoall benchmarks.

Although the proposed multi-port message-combine collective communication
algorithm performs well on the Kautz network topology, existing large parallel
computer systems have not employed uni-directional interconnection networks,
including Kautz. This limitation arises from practical concerns, such as the absence of
efficient switch-by-switch flow control. To address this issue more practically, this
dissertation also presents multi-port message-combine collective communication in a
bi-directional 2dfc network topology. In a 2dfc, the number of dimensions equals two.
In each dimension, all nodes are fully connected. When the number of dimensions equals
two, the topology corresponds to HyperX and Generalized Hyper Cube (GHC).

Thus, the proposed multi-port message-combine operation on a 2dfc can be leveraged,
further enhancing its applicability to state-of-the-art parallel computer systems.
SimGrid evaluation results demonstrate that the proposed multi-port message-combine
operations improve throughput by up to 1.38x compared with a competitor.

Although the proposed multi-port message-combined collective communication can,

in principle, be applied to other high-radix network topologies, the latency overhead of
the message-combine operation is significant at each network interface. Therefore, the
proposed multi-port message-combine collective communications is particularly well

suited for diameter-two topologies such as Kautz and 2dfc network topologies.
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